Abstract. Segmentation is one of the main tasks related to breast cancer classification. Automatic and semiautomatic algorithms have been proposed lately, and in this paper, a new method to segment mammography images is proposed using novel bat algorithm (NBA) and unsupervised metric measures as objective function. Results showed a useful method to segment mammographies using bioinspired algorithms based on bat optimization.
Introduction
Recent studies have showed that breast cancer is one of the main causes of death in women around the world [1] . In Mexico, breast cancer is the main reason of deaths in adult women in ages among 30 and 54 years [2] [3] . It is also one of the currently most common cancers in Mexico, with high risk. Risks are estimated based on new cancer cases between people free of this disease [4] . Detecting breast cancer using x-ray mammograms in early phases is the best way to prevent breast cancer deaths. This is the reason why mammographies are recommended in order to obtain an early detection of breast cancer among women older than 26 years and it is highly recommended to obtain a mammography study for women from 40 to 49 years old [1] .
In Mexico it is very important to improve screening analysis to promote early detection for breast cancer because only 5-10% cases of breast cancer in Mexico are detected in early phases [1] .
Mammograms are images obtained by mammography. Typically, these images are gray scaled, and the cancer lesion are differentiated due to their texture and color [5] . Automatic detection of lesions in mammogram includes the segmentation of the region of interest, in order to separate the lesion from the rest of the mammary tissue. To accomplish this task, several segmentation techniques have been used [6] [7] [8] [9] . However, development of simple and accurate segmentation algorithms is still a challenge in digital image processing [7] .
Segmentation algorithms can be divided in two main categories: region and edge based [7] . The first category assigns each pixel to a region while the other category constructs an image based on the boundaries of a specific object.
Region based segmentation can be modeled as an optimization problem, considering the search space as all possible categories for each pixel, and the objective function as a quality measure for the segmentation.
Metaheuristics algorithms are inspired in nature processes and are used in a lot of optimization problems due to their power and easy implementations. They also try to find the optimal and practical solution to nonlinear or very complex problems [10] .
In this paper we focus on this topic, implementing a new method to segment mammograms to later assist diagnosis using segmentation based on regions. Our method is based on the recently proposed Novel Bat Algorithm (NBA) [11] . Novel Bat Algorithm is a swarm intelligence algorithm based on the echolocation behavior of bats and this characteristic can be associated with an objective function.
The paper is organized as follows. Section 2 addresses some previous works in the field of automatic or semi-automatic breast cancer segmentation for mammograms. Section 3 explains the algorithm used for mammogram segmentation, while section 4 presents the experimental results. The paper finalizes with conclusions and future work.
Previous Works
Around the world, mammograms has been used to detect breast cancer, however there are another techniques used for diagnosis of breast cancer, being the most commonly used: ultrasounds [12] , Magnetic Resonance Imagery (MRI) [13] and other more invasive methods like biopsies [14] .
Semi-automatic and automatic segmentation is useful for the specialist because it provides a simpler image and the lesion can be detected easily. The algorithms proposed for mammogram segmentation are varied and some of them have been proposed since 1998 [15] using a clustering algorithm extracting texture features and matrices based on lengths.
In 2012 Rahmati et al. proposed a method to segment lesions in mammographies, based on a maximum likelihood active contour [9] . This algorithm separates the image in 2 parts: lesion and background.
Recently was proposed a method for mammographies segmentation using Deep Neural Networks, this method was proposed in 2016 by Dubrovina et al. [16] and uses a new model for classification in mammograms.
Similarly Sargent and Park [8] designed in the same year a method for segmentation of medical images such as mammograms, tomograms and scanned images using sideby-side images comparisons.
Until now, there is no method proposed based on Novel Bat Algorithm for breast cancer mammograms segmentation. In this paper, we proposed a method to use this algorithm using metrics based on lengths as optimization function.
Proposed Segmentation Algorithm
Segmentation algorithms are used to split the background and the region of interest in images, in the following, we will explain the proposed method based on Novel Bat Algorithm proposed by Xian-Bing Meng et al. in 2015 [11] based on the Bat Algorithm proposed by Xin-She Yang in 2012 [17] .
Using the variables called loudness and pulse rate, which represent the proximity to other bats; the Novel Bat Algorithm generates random solutions using the currently optimal solutions. This algorithm was used in this paper because it explores a lot of solutions because of the randomly generated solutions in order to find the best solution.
This algorithm is inspired in the echolocation of bats, a characteristic that helps bats to sense distances and provides them knowledge about the objects of interest and backgrounds.
The pseudoalgorithm of Novel bat algorithm uses an objective function for the optimization process. The pseudoalgorithm adapted to the segmentation problem is showed below.
The frequency of each bat is defined in equation 1, and is calculated using minimum and maximum frequencies and a random value between 0 and 1 given by a uniform distribution:
Velocity and position for each bat is defined in equation 2 and 3 respectively, position is given by previous position and velocity, and on the other hand velocity is given by the previous velocity and the difference between actual position and currently best position defined as * :
The flow chart in Figure 1 was done according to the pseudoalgorithm proposed by Xian-Bing Meng [17] .
We need to initialize the bat population with random values in the range from 0 to 255 because these are the values of possible gray levels.
The algorithm iterates a defined number of times and for each iteration the algorithm will generate solutions adjusting frequencies and velocities for each bat.
New solutions are generated randomly and they are accepted if they are better than previous solutions evaluating them in the objective function. The Novel bat algorithm was originally programmed in Matlab by Xian-Bing Meng in 2015 [11] , this algorithm was tested in Matlab and for this paper the modified algorithm was programmed in C# using Microsoft Visual C# 2010 based on the same algorithm.
For the implementation presented in this paper each bat represents a gray level and a partition of the image as represented in figure 2. The algorithm was modified for processing mammographies images using formula 4 as objective function:
Minimum distance between pixels in different group
Maximum distance between pixels in same group .
The metric used to calculate the distance between each bat was the Minkowski distance for order 1. The bounds used for this implementation were based on gray levels; this means only numbers from 0 to 254 were used.
The segmentations were evaluated according to the work presented by Hui Zhang et al. in 2007 [18] . That work is a survey of evaluations in image segmentations using unsupervised methods. To evaluate the segmentations we used average squared color error (F, equation 5) which penalizes over-segmentations; the survey proposed an improved measure to evaluate average squared color error (F', equation 6).
F' is an extension of F and it penalizes segmentations that have a lot of small regions of the same size:
where N represents number of regions in the image and Sj are the quantity of pixels in the region j. SI represents the area of the image and N(b) is number of regions of the segmented image that have exactly b units of area.
In equation 2 and 3 the squared color error of region j 2 is defined in equation 7:
Cx(p) represents the value of component x for pixel p. And finally the average value of component x in the region j is defined in equation 8:
These errors measures were used in the performance tests.
Experiments
The algorithm proposed in this paper was tested using the dataset Breast Cancer Digital Repository [19] provided by the Faculty of Medicine in the University of Porto, in Portugal. This dataset contains 200 lesions proven by biopsies of 190 women, also including 362 segmentations in the mammograms. The images used were gray scaled. The boundaries for each lesion were identified by expert radiologists.
We used the NBA based segmentation algorithm proposed in this paper (SNBA) for segmentations in two and three regions. Each region was assigned with a color and colors are not representative to their original pixel color.
Several experiments were tested for this paper and all images were processed using two and three bats. The measures were calculated for all the segmented images and compared to the same measures calculated using the segmentations made by the radiologist. Segmented image using OTSU method, (Bottom left) Image after processing using the algorithm proposed in this paper using two bats for the segmentation, (Bottom middle) Image after processing using the algorithm proposed in this paper using three bats for the segmentation, (Bottom right) Image after obtaining the segmentation cluster of interest in the segmentation for three bats algorithm. Segmented image using OTSU method, (Bottom left) Image after processing using the algorithm proposed in this paper using two bats for the segmentation, (Bottom middle) Image after processing using the algorithm proposed in this paper using three bats for the segmentation, (Bottom right) Image after obtaining the segmentation cluster of interest in the segmentation for three bats algorithm. Segmented image using OTSU method, (Bottom left) Image after processing using the algorithm proposed in this paper using two bats for the segmentation, (Bottom middle) Image after processing using the algorithm proposed in this paper using three bats for the segmentation, (Bottom right) Image after obtaining the segmentation cluster of interest in the segmentation for three bats algorithm. Segmented image using OTSU method, (Bottom left) Image after processing using the algorithm proposed in this paper using two bats for the segmentation, (Bottom middle) Image after processing using the algorithm proposed in this paper using three bats for the segmentation, (Bottom right) Image after obtaining the segmentation cluster of interest in the segmentation for three bats algorithm.
Measures are presented in Table 1 . As we can observe segmented images using the algorithm proposed in this paper (SNBA) showed a smaller error in comparison to other segmentations used.
As shown in Table 1 , the proposed SNBA algorithm is able to obtain a good segmentation by using only three bats (representing the regions corresponding to cancer lesion, mammary tissue and background, respectively). However, some noisy pixels are marked as cancer lesion, and further processing will be needed to remove them. Some columns showed very similar errors representing no significant changes in the segmented images.
Conclusions
This paper presents a new method to segment images using bioinspired Novel Bat Algorithm (NBA). As many bioinspired algorithms, the NBA used here has some parameters that can be adjusted to improve the performance of the segmentation process. In a similar way, the quantity of bats can be adjusted to obtain better segmentations. The adjustment of parameters can improve the convergence rate of this algorithm and it is a good line of investigation. In addition, the investigation detects some noisy pixels marked as cancer lesion, and further processing will be needed to address this issue.
